(19) 




(12) 



Europaisch s Patentamt 
European Pat nt Office 
Office urope nd s brevets (11) EP 1 070 606 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 


(51) 


int. ci. 7 : B60C 11/11 , B60C 11/12, 


24.01.2001 Bulletin 2001/04 




B60C 11/13 


(21) Application number: 00306131.4 






(22) Date of filing: 19.07.2000 






(84) Designated Contracting States: 


(71) 


Applicant: 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 




Bridgestone Corporation 


MC NL PT SE 




Tokyo (JP) 


Designated Extension States: 






AL LT LV MK RO SI 


(72) 


Inventor: Ochi, Naoya 






Chuo-Ku, Tokyo 104-0031 (JP) 


(30) Priority: 19.07.1999 JP 20458099 






31.08.1999 JP 24579699 


(74) 


Representative: Whalley, Kevin 


22.11.1999 JP 33167799 




MARKS & CLERK, 


22.11.1999 JP 33167899 




57-60 Lincoln's Inn Fields 


22.11.1999 JP 33167999 




London WC2A 3LS (GB) 


28.12.1999 JP 37481699 







(54) 



Pneumatic tire 



(57) Sipes extending from one end of a block to the 
central area of the block and sipes extending from the 
other end of the block to the central area of the block 
(sipes 24, 28, 32 and 36) are inclined in directions oppo- 
site to each other. The sipes extending from one end of 
the block and the sipes extending from the other end of 
the block intersect a common line extending along the 
circumferential direction of the tire. Due to this structure, 



the number of portions of the sipes, which portions are 
located in the central area of the block, is made greater 
than that in the peripheral area of the block. The density 
of sipes is thus increased in the central area of a block 
where water film tends to formed when driving on ice, 
for improving braking and traction properties on ice. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to a pneumatic tire and more particularly to a pneumatic tire having a tread 
with a block pattern. 



w Description of the Related Art 



[0002] Sipes formed in ribs and blocks of a tread exhibit the effect of cutting through water films on road surfaces, 
similar to edges of grooves. The sipes also facilitate deformation of ribs and blocks and help exhibition of rubber hys- 
teresis loss. Therefore, sipes are widely used in studless tires. 
15 [0003] As shown in Figure 3, studless tires generally have zigzag or straight sipes 1 00, extending substantially par- 
allel to tire circumferential-direction end portions of blocks (i.e., the end portions of blocks which are continuous with the 
block end portions running along the circumferential direction of the tire). Alternatively, as shown in Figure 26, studless 
tires generally have sipes 102 which are approximately perpendicutar to the circumferential direction of the tire in each 
block 101. 

20 [0004] However, when the sipes incline in the same direction on each block as described above, and when tires are 
used on snowy or icy roads, the effects of the sipe is satisfactory only for driving direction. Moreover, the degree of 
deformation of the blocks during driving is markedly different depending on the direction of the applied force. This 
means that the conventional method of forming sipes is not effective for improving cornering property, although the 
method is effective for improving braking and traction properties on ice. Moreover, when the tires are used on dry or wet 
25 roads, the rigidity of the blocks with respect to forward or backward force is small. Therefore, controllability at small 
steering angles is often insufficient. Even if the angle of sipes with respect to tire circumferential direction is changed, 
it is difficult to obtain suitable properties for both of braking and traction because rigidity of the block with respect to the 
forward force is different from that with respect to the backward force. 

[0005] To improve tire braking on icy roads, it is desirable to increase sipe density at the central portion of the 
30 blocks. However, when the density of the sipes in an entire block is increased, block rigidity decreases and there is the 
possibility that controllability for dry and wet roads, and abrasion resistance of the tire are adversely affected. 
[0006] When the density of sipes on entire blocks is excessively increased, the area of the tread contacting road 
surfaces decreases due to blocks collapsing and the properties when driving on icy roads also deteriorate. Moreover, 
in the above case, defects such as bareness and chipping tend to be more frequent during tire production. 
35 [0007] For simultaneous good block rigidity and sipe effect (edge effect and water removal), it is desirable that the 
density of sipes be increased in the central portion of a block and decreased in block peripheral portions (for example, 
Japanese Patent Application Laid-Open No. 9(1997)-164816). However, from the standpoint of production, it is difficult 
to satisfactorily produce such a tire using conventional technology. 

40 SUMMARY OF THE INVENTION 

[0008] An object of the present invention is to overcome the above problems of conventional methods of forming 
sipes and provide a pneumatic tire having improved properties for icy and snowy roads, and in particular, good proper- 
ties when used on icy roads. 

45 [0009] Another object of the present invention is to provide a pneumatic tire having a block pattern with suitable sipe 
effect in multiple directions, good block rigidity with respect to force in any direction, and high density of sipes in the cen- 
tral area of each block. 

[0010] still another object of the present invention is to provide a pneumatic tire having a block pattern with suitable 
sipe effect in multiple directions, good block rigidity with respect to force in any direction, high density of sipes, and good 
tire properties for both braking and traction. 

[001 1] still another object of the present invention is to provide a pneumatic tire having a block pattern with satis- 
factory sipe effect in multiple directions, good block rigidity with respect to force in any direction, and good controllability 
and resistance to uneven wear. 

[0012] Still another object of the present invention is to provide a pneumatic tire having a block pattern which pro- 
vides improved properties when driving on icy and snowy roads without adverse effects to properties when driving on 
dr y roads and wet roads. 

[0013] As the first aspect, the present invention provides a pneumatic tire comprising a tread having blocks defined 
Jj^ b V a plurality of intersecting grooves, wherein each of the blocks have at least one pair of sipes which are formed from 
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first and second sipes. the first sipe extends from one of two tire axial direction end portions of the block and « mchned 
with respect to a circumferential direction of the tire. The second sipe extends from the other tire ax.al d.rect.on end por- 
tion of the block and is inclined with respect to the circumferential direction of the tire. The first and second s.pes are 
alternately disposed along the circumferential direction of the tire. An end portion of the. first s,pe in the vicinity of a 
center of the Wock. and an end portion of the second sipe in a vicinity of a center of the block,- intersect an imaginary 
common line extending along the circumferentia. direction of the tire. Further, the first and second s.pes are inclined .n 
opposite directions. 

r001 4] In the block, the sipe edge effect can be obtained for force applied from any direction s.nce the first and sec- 
ond sipes are disposed alternately and the first and second sipes are inclined in opposite directions. For sample when 
a force from a direction parallel to the first sipe is applied to the tire, the second sipe provides the edge effect, arthough 
there is substantially no sipe edge effect from the first sipe in this case. That the first and second s.pes mcl.ne . oppo- 
se directions mean. that, in the portion of the tire contacting the road surface when the t.re ,s used on , . 
first sipe is inclined in a manner such that the end portion of the first sipe, which end portion « at the side of the , center 
of the block is placed in the front or in the rear of the other end portion, the second sipe .s inclined m a manner such 
feat the end portion of the second sipe. which end portion is at the side of the center of the block ,s p.acec ,n the front 
or in the rear of the other end portion. The angle between the first sipe and the circumferentia. direction of the tire k not 
always the same as the angle between the second sipe and the circumferential direction of the tire. Therefore, the cor- 
nering property when driving on icy road, on which the sipe edge effect is particularly effect ve can be proved • 
?001 5] Since the end portion of the first sipe which is at the side of the center of each block and end I port.on of tte 
second sipe which is at the side of the center of each b.ock intersect an imaginary common l.ne extending along me 
circumferential direction of the tire, the number of sipes in the central area of the block is greater relative to that .n the 
peripheral areas of the block (end portions of the block). 

ra016] Since the density of sipes increases in the centra, area of the block in which, when driving on 
water film forms more easily than in the peripheral areas of the b.ock. the number of edge components "effete* 
increased, and water film absorption properties are enhanced, and braking and traction properties improve. Here, edge 
components designate portions of both sides of a groove and portions of both sides of a sipe which are substantia^ 
straight and which form an edge when the sipe is open. n^^i^ihan 
r0017l Moreover, density of sipes in the peripheral areas of the block (end port.ons of the block) can be lower than 
density of sipes. formed by conventiona. methods, in the peripheral areas for providing sufficient block rig.d.ty. Mo e 
specially, since rigidity aithe centra, area of the block can be decreased while maintaining sufficient ^ck ng.dlty in 
peripheral portions a sufficient area of the portion contacting the road surfaces can be obtained by suppressing , faHing 
down (collapsing) of the entire block during driving, and the controllability when driving on dry and on wet roads can be 

improved compared to that of conventional tires. . 

[0018] In the above tire, it is preferable that each block has pairs of sipes formed of first and second s.pes. The first 
stipes on each block are parallel with one another, as are the second sipes on each block. 
[001 9] Accordingly, block rigidity can be properly maintained, and uneven wear can be reduced. 
0020 Further, in the above tire, it is preferable that the blocks are defined by grooves extending along a circumfer- 
ential direction of the tire and grooves which intersect the circumferential grooves. The first sipes of each block d, sposed 
linearly along the circumferential direction of the tire are all inclined in the same direct.on. Further, the sipes are de- 
posed at a predetermined interval. The second sipes of each b.ock disposed linearly along the c.rcumferent.a. d.recton 
of the tire are all inclined in the same direction and also disposed at a predeterm.ned interval. 

f0021] By disposing the first or second sipes at a constant interval in each block, change in rigidity of the central 
area and the peripheral areas of the block depending on the direction of the applied force can be suppressed, along 

r0022] neVen More a over, by forming sipes in a manner such that first sipes or the second sipes formed in blocks which are 
disposed in a straight line a.ong the circumferentia. direct.on of the tire are disposed in the same direction and such that 
a distance between the first sipes or the second sipes formed in each block is constant, and by repeat ng . in he c.rcum 
ferential direction of the tire a specified block pattern, which has sipes. along the ax.al d.rect.on of the tire, the t.re 

SS? m rthe ni abSre. it is preferable that the grooves extending along the circumferential direction of the tire ^com- 
prise first grooves and second grooves which are narrower than the first grooves, and the second grooves are deposed 
between the first grooves and have a width of 0.5 to 6 mm. - ontra i arM of 

[0024] Even when the blocks divided by the first grooves are large, a decrease ,n the abihty of the central area of 
he block to remove water can be prevented since the second groove is disposed dividing each of the block into two 
portions. By disposing the second grooves, the number of edge components extending .n the ^^"^TT" 
Lease and cornering properties on ice and on snow improve. When the width of the second groove ^ — r ta 
0.5 mm. there is increased risk that the ability of the blocks divided by the first grooves and *e second ^es for 
removing water will deteriorate. When the width of the second groove exceeds 6 mm. the d.v,ded blocks become small 
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and rigidity of the block decreases, although the ability of the blocks to remove water improves. 

[0025] It is preferable that the first sipes and the second sipes do not intersect each other. When the first sipe and 
the second sipe intersect each other and the first sipes intersect each other and the second sipes intersect each other, 
rigidity substantially decreases at the portion of the intersection and uneven wear may take place. When no sipes inter- 

5 sect each other, this problem can be substantially avoided. 

[0026] It is preferable that the first and second sipes in the blocks disposed in the central area of the tread are dis- 
posed at an angle of 45 to 85° and more preferably 55 to 80° relative to the circumferential direction of the tire. When 
the angle between the first (or second) sipe in the block disposed in the central area of the tread and the circumferential 
direction of the tire is smaller than 45°, the number of edge components effectively working in the circumferential direc- 

io tion of the tire is insufficient and traction and braking properties deteriorate. When the angle between the first (or sec- 
ond) sipe in the block disposed in the central area of the tread and the circumferential direction of the tire exceeds 85°, 
the angle between one of the first sipe and the second sipe and an extended line of the other nears 180° and the advan- 
tageous effect of improving the cornering properties decreases. 

[0027] It is preferable that an angle between one of first and second sipes and an extended line of the other is 10 
15 to 45°. Thereby properties on snow (in particular cornering properties), controllability on dry and wet road surfaces 
under application of force in a small steering angle and braking properties on ice, in particular, on smooth and slippery 
road surfaces are improved. 

[0028] In the above pneumatic tire, it is preferable that the distance between the first sipes and that between the 
second sipes are 2 to 5 mm. These distances are the optimum between the sipes to obtain the effect of the sipes 
20 described above. 

[0029] A central area C and two end areas E are obtained by imaginavily dividing each block into three equal parts. 
co c represents a total length, in the circumferential direction of the tire, of respective portions of one first sipe and one 
second sipe which portions are located within the central area C. 5 C represents a total length, in the axial direction of 
the tire, of those. w e represents the longer of a length, in the circumferential direction of the tire, of a portion of one first 

25 sipe, which portion is located in an end area E, and a length, in the circumferential direction of the tire, of a portion of 
one second sipe, which portion is located in an end area E. 5 e represents the longer of a length, in the axial direction 
of the tire, of the portion of one first sipe, which portion is located in the end area E, and a length, in the axial direction 
of the tire, of the portion of one second sipe. which portion is located in the end area E. It is preferable that u) c , <o e , o c , 
and 5 e satisfy the relations: to c ><o e and 5 c >o e . When the above relations are satisfied, a greater density of sipes can be 

30 achieved in the central area of the block and the above described effects can be obtained. 

[0030] ' In the above pneumatic tire, it is preferable that the depths of end portions of the first or second sipe are shal- 
lower than that of a central portion thereof. Thus, the rigity of the end portions of the block is higher. Further, although 
the density of sipes is greater at the centra! portion of the block than at the end portions thereof, the rigidity at the central 
portion of the block is sufficient. 

35 [0031] It is preferable that blocks disposed in side areas of the tread have sipes whose angle with respect to a cir- 
cumferential direction of the tire is equal to or greater than an angle between each of the sipes formed in blocks dis- 
posed in the central area of the tread and The circumferential direction of the tire. 

[0032] By forming sipes in a manner such that the angle between each of the sipes formed in the blocks disposed 
in the side areas of the tread, i.e., in both shoulder portions, and the circumferential direction of the tire is equal to or 

^0 greater than the angle between each of the sipes formed in the blocks disposed in the central area of the tread and the 
circumferential direction of the tire, i. e., by disposing the sipes in side areas of the tread in the direction closer to the 
axial direction of the tire, uneven wear which tends to occur in the shoulder portions can be suppressed. It is preferable 
that the angle between the circumferential direction of the tire and the sipes, which extend from the end portion in the 
vicinity of the shoulder of the blocks in the area of both sides of the tread, is greater than the angle between the circum- 

45 ferentiai direction of the tire and the sipes which are formed in blocks in the central area of the tread. 

[0033] The central area and the side areas of the tread described above are the central area and the side areas, 
respectively, obtained by dividing the tread into three areas in the axial direction. 

[0034] It is preferable that a distance between end portion of the first sipe, which end portion is in the vicinity of the 
center of the block, and end portion of the second sipe, which end portion is in the vicinity of the center of the block, in 

so an axial direction of the tire is 2 to 1 5 mm and more preferably 3 to 1 0 mm. When the distance is less than 2 mm, the 
density of sipes in the central area of the biock cannot be increased. Even when the tire has a large size, i.e., even when 
the tire has large blocks, it is preferable that the distance is 15 mm or smaller. The reason is as follows. When the dis- 
tance is excessively great, the distance between the sipes in the circumferential direction of the tire must be made 
greater in order to dispose the first sipes and the second sipes in a manner so that the first sipes and the second sipes 

5 s incline in opposite directions and, at the same time the first sipes and the second sipes do not intersect each other or 
do not connect to each other. However, wnen the distance between the central side end portions of the first sipes and 
the second sipes in the axial direction of the tire is made greater, the number of the sipes formed in the block decreases 
and density of sipes in the central area of the block cannot be made great. To prevent the decrease in the number of 
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the sipes, it is necessary that the angle of the sipes with respect to the circumferential direction of the tire be mad close 
to 90°, i.e., the direction of the sipes be made closer to the axial direction of the tire. When the direction of the sip s is 
made closer to the axial direction of the tire, cornering properties on ice deteriorates. Therefore, it is preferable that the 
distance between the central side end portions of the first sipes and the second sipes in the axial direction of the tire be 
5 15 mm or less. 

[0035] An area of the tread having 30 to 70% of an entire width of an area contacting road surfaces at the center of 
the tread, is referred to as a central area. Remaining areas are referred to as side areas. It is preferable that a chevrorr 
formed by one of the first and second sipes and an extended line of the other sipe of the pair in blocks in the central 
area, and a chevron formed by one of the first and second sipes forming a pair and an extended line of the other sipe 

to of the pair in blocks in the side areas are placed in directions opposite to each other with respect to the circumferential 
direction of the tire. Improved sipe edge effects can be obtained for both braking and traction. The width of the area con- 
tacting road surfaces described above is the width of the area of the tire contacting the road surface when the tire is 
attached to a rim suitable for the tire size in accordance with standards of various countries such as the standard of Jap- 
anese Automobile Tire Manufacturers Association in Japan, the standard of ETRTO (European Tire & Rim Technical 

is Organization) in Europe and the standard of Tire and Rim Association in the United States of America, with an applied 
load of 88% of the maximum allowable. 

[0036] It is preferable that the blocks have pairs of sipes which are formed from first and second sipes. When each 
block is equally divided (imaginarily) in first and second portions by a line extending along the tire axial direction apices 
of chevrons each formed by one of the first sipe and the second sipe forming a pair in the first portion and an expended 
20 line of the other sipe of the pair face apices of chevrons each formed by one of the first sipe and the second sipe forming 
a pair in the second portion and an extended line of the other sipe of the pair. Thereby, the sipe effect is present even 
when force is applied in various or multiple directions, and improved edge effects are present for both braking and trac- 
tion in each block. 

[0037] It is preferable that in each block, an angle between the radial direction of the tire and a first wall of the block 
25 at a side of an apex of a chevron formed by one of the first and second sipes forming a pair, and an extended line ofthe 
other sipe of the pair is greater than an angle between the radial direction of the tire and a second side wall of the block 
at a side opposite to said first side wall. Thereby, rigidity of each block is sufficient for both braking and traction. 
[0038] In the above tire, the central portions of first sipes and the second sipes can be zigzag or wavy and end por- 
tions can be substantially straight. 
30 [0039] By making the central portion of the sipes zigzag or wavy, the total length of the sipe edge increases and 
water film' on icy roads can be absorbed more efficiently. Further, because the number of edge components effective 
for the circumferential direction of the tire and the number of edge components effective for the axial direction of the tire 
can be increased, cornering performance in particular is improved. 

[0040] By making the end portion of the sipe, which end portion is in the vicinity of the end of the block, substantially 
35 straight, the angle between the end portion of the sipe and the edge of the block can be kept substantially the same for 
the respective sipes and uneven wear can be suppressed. By making the end portion of the sipe, which end portion is 
at the central side of the block, substantially straight, the sipe opens more easily than a sipe which is formed in a zigzag 
or wavy pattern all the way from one end of the sipe to the other. Snow penetrates into open sipes, i.e., the sipes hold 
snow, and tire properties on snow are improved. 
40 [0041] In the above pneumatic tire, it is preferable that the first and second sipes are one of curved and bent in the 
direction of the depth of the block and inclined with respect to a radial direction of the tire. Falling down (collapse) of 
blocks between the sipes is better suppressed by this structure when a force is applied thereto and properties on ice 
and on snow improve. 

[0042] In the above pneumatic tire, it is preferable that a number of the first and second sipes formed on each block 
*»5 is two or more, and at least four sipes of the first sipes and the second sipes are one of curved and bent in the direction 
of the depth of the block and inclined with respect to a radial direction of the tire. Accordingly, when force is applied, 
portions of both sides of the sipes of the blocks support one another and falling down (collapse) of the blocks is pre- 
vented. 

[0043] In the above pneumatic tire, it is preferable that rubber used in the tread is an expanded rubber. It is prefer- 
so able that a degree of expansion of the expanded rubber is 1 0 to 50%. By combining the sipes and the expanded rubber, 
properties on snow and ice can be improved. 

[0044] In the second aspect, the present invention provides a pneumatic tire which comprises a tread formed in a 
toroidal shape, a pair of side walls disposed at inner positions in a radial direction of the tire from end portions of the 
tread, and beads connected to the side walls at inner positions in a radial direction of the tire, wherein 

55 

the tread has a block pattern having pairs of blocks, 

each pair includes a first block and a second block which are arranged in an axial direction of the tire in a chevron- 
like arrangement with an apex of the chevron-like arrangement directed in the tire circumferential direction, a tire 
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circumferential direction end of the block pair at an apex side of the chevron-like arrangement of the block pair 
being a first tire circumferential direction end of the block pair, and a tire circumferential direction end of the block 
pair at a side opposite to the apex side being a second tire circumferential direction nd of the block pair; 
a side wall of the first block, which side wall is opposite a second block side of said first block, is a first side wall, a 
tire radial direction tower portion of the first side wall at the first tire circumferential direction end of the block pair 
being disposed further away from the second block than a tire radial direction upper portion of the first side wall at 
the first tire circumferential direction end of the block pair, the tire radial direction lower portion of the first side wall 
being gradually inclined toward the second block along the tire circumferential direction from the first tire circumfer- 
ential direction end of the block pair toward the second tire circumferential direction end of the block pair, 
a side wall of the second block, which side wait is opposite a first block side of said second block, is a second side 
wall, a tire radial direction lower portion of the second side wall at the first tire circumferential direction end of the 
block pair being disposed further away from the first block than a tire radial direction upper portion of the second 
side wall at the first tire circumferential direction end of the block pair, the tire radial direction lower portion of the 
second side wall being gradually inclined toward the first block along the tire circumferential direction from the first 
tire circumferential direction end of the block pair toward the second tire circumferential direction end of the block 
pair. 

[0045] By forming pairs of blocks as described above, properties on ice and on snow can be further improved due 
to the blocks deforming advantageously when force in the circumferential direction of the tire is applied thereto due to 
an increase in the projected edge (i.e., W in Fig. 1 7). Deformation of the blocks to force applied along the axial direction 
of the tire or forces applied along directions other than that described above can be suppressed. Thus, properties on 
ice and on snow can be improved without sacrificing the properties on dry or wet road surfaces. 

[0046] In the above pneumatic tire, it is preferable that the first block and the second block have a plurality of sipes 
which are disposed substantially parallel with end portions of the blocks to which end portions the apexes of the chev- 
rons point. 

[0047] In the above pneumatic tire, it is preferable that the angle between the first portion of the first side wall and 
the radial direction of the tire and the angle between the second portion of the second side wall and the radial direction 
of the tire are each +5 to +15°. When force is applied from the direction of the apex of the chevron, sufficient rigidity is 
obtained and falling down (collapse) of the block can be suppressed. 

[0048] In the above pneumatic tire, it is preferable that an angle formed by the radial direction of the tire and the first 
side walfat the second tire circumferential direction end of the block pair and an angle formed by the radial direction of 
the tire and the second side wall at the second tire circumferential direction end of the block pair are -5 to +2°. The side 
opposite to the side of the apex of the chevron tends to deform when force is applied thereto. Thus, properties on ice 
and on snow are improved. 

[0049] In the above pneumatic tire, it is preferable that the distance between blocks of each pair is 0.3 to 1.0 mm. 
In this condition, blocks of each pair can support each other and deformation by the applied force from the axial direc- 
tion of the tire decreases. 

[0050] It is preferable that the rubber used in the tread is an expanded rubber having a degree of expansion of 10 
to 50%. By the combination of the expanded rubber and the sipes in accordance with the present aspect, the properties 
on ice and on snow can be further improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0051] 

Figure 1 is a plan view of a tread of a first preferred embodiment of a pneumatic tire in accordance with the present 
invention. 

Figure 2 is an enlarged view of a portion of the tread shown in Figure 1 . 
Figure 3 is a plan view of a tread of a conventional pneumatic tire. 

Figure 4 is an enlarged plan view of a block of a tread of a second preferred embodiment of a pneumatic tire in 
accordance with the present invention. 

Figure 5 is a plan view of a tread of a pneumatic tire having blocks according to the block shown in Figure 4. 
Figure 6 is an enlarged plan view of a block of a tread of a third preferred embodiment of a pneumatic tire in accord- 
ance with the present invention. 

Figure 7A is a diagram showing vectors of forces generated in the surface of a tire contacting a road surface during 
traction thereagainst. 

Figure 7B is a diagram showing vectors of forces generated in the surface of a tire contacting the road surface dur- 
ing braking. 
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Figures 8 and 9 are plan views of a tread of a pneumatic tire having the blocks according to the block of Figure 6. 
Figures 1 0A 1 0B and 1 0C are enlarged plan views of a block of a tread of a fourth preferred embodiment of a pneu- 
matic tire in accordance with the present invention. 

Figure 11A is an enlargecUplan view of a block of a tread of a fifth preferred embodiment of a pneumatic tire in 
5 accordance with the present invention. 

Figure 1 1 B is a side view of the block of Fig. 1 1 A. 

Figure 12A is a plan view of a block in which the angle between the radial direction of the tire and one of two side 

walls extending in the axial direction of the tire and the angle between the radial direction of the tire and the other 

side wall are the same. 
w Figure 1 2B is a side view of the block of Fig. 1 2A. 

Figure 1 3 is a plan view of a tread of a pneumatic tire having the block shown in Figure 1 1 . 

Figure 14 is a plan view of a tread of another pneumatic tire having the block shown in Figure 1 1 . 

Figure 1 5 is a plan view of a tread of stilt another pneumatic tire having the block shown in Figure 1 1 . 

Figure 16A is an enlarged plan view of a pair of blocks of a tread of a sixth preferred embodiment of a pneumatic 
15 tire in accordance with the present invention. 

Figure 16B is a sectional view of a portion of one of the blocks shown in Figure 16A cut along line A-A in Figure 

1 6A. 

Figure 16C is a sectional view of a portion of one of the blocks shown in Figure 16A cut along line B-B in Figure 
16A. 

20 Figure 1 7A is a plan view showing force due to traction applied to the blocks of Figure 1 6A. 

Figure 17B is a plan view showing deformation of the blocks of Figure 17A due to applied force. 

Figure 18A is a plan view showing force due to braking applied to the blocks of Figure 16A. 

Figure 18B is a sectional view of the blocks shown in Figure 18A cut along line C-C in Figure 18A. 

Figure 18C is a sectional view of the blocks shown in Figure 18A cut along line D-D in Figure 18A. 
25 Figure 19 is a plan view showing the block of Figure 16A to which force is applied in the transverse direction. 

Figures 20 through 23 are plan views of block patterns for the sixth preferred embodiment of a pneumatic tire in 

accordance with the present invention. 

Figure 24 is a plan view of a block pattern of a Comparative Example. 
Figure 25A is a plan view of a block having conventional sipes. 
30 Figure 25B is a side view of the block of Figure 25A. 

Figure 25C is a side view of the block of Figure 25A when a force is applied thereto along the direction of arrow A. 
Figure 26 is a plan view of another block having conventional sipes. 
Figures 27 and 28 show cross-sections of the sipes. 

Figure 29 through 41 are plan views of block patterns used in the Examples. 

35 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0052] A first embodiment of a pneumatic tire 1 0 in accordance with the present invention will be described with ref- 
erence to Figures 1 and 2. 

40 [0053] In Figure 1 , the arrow L and the arrow R show the leftward direction and the rightward direction, respectively, 
of the tire (both directions may be referred to as the axial direction of the tire). The arrow A and the arrow B shows the 
direction of rotation of the tire and the direction of tire travel relative over a ground surface, respectively, for the lowest 
portion of the tire (both directions may be referred to as the circumferential direction of the tire). 

[0054] As shown in Figure 1 . in the tread 12 (W represents the width of the tread) of the pneumatic tire 10 of the 
45 present invention, circumferential broad grooves 1 4 extend in the circumferential direction of the tire at both sides of the 
tire equatorial center line fCL") plane. At the tire axial direction outer side of each circumferential broad groove 14, cir- 
cumferential narrow grooves 15 extend substantially in the circumferential direction of the tire 1 0. At the tire axial direc- 
tion outer sides of each circumferential narrow groove 15. circumferential broad grooves 16 extend substantially in the 
circumferential direction of the tire 1 0. 
so [0055] lathe tread 12. a plurality of transverse grooves 18 extend from each end portion 12L or 12R of the tread 
and connect to the circumferential broad groove 16. A plurality of transverse grooves 19 connect the circumferential 
broad groove 16 and the circumferential narrow groove 15. A plurality of transverse grooves 20 connect the circumfer- 
ential narrow groove 15 and the circumferential broad groove 14. A plurality of transverse grooves 21 connect the cir- 
cumferential broad grooves 14 on opposite sides of the equatorial CL plane to one another. 
55 [0056] The transverse grooves 18 extending from the end portions 12L and 12R of the tread are all disposed sub- 
stantially linearly and inclined in the same direction with respect to the equatorial plane of the tire. The angle between 
the transverse groove 1 8 and the circumferential direction of the tire is preferably in the range of 40 to 90°. 
[0057] In the present embodiment, the transverse grooves 1 8 are disposed in a manner such that the left end por- 
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tion of each transverse groove 18 is placed at a position offset in the direction of the arrow B relative to that of the right 
end portion. The angle between each transverse groove 18 and the circumferential direction of the tire is set to 80°. 
[0058] The shape of the right side, in the vicinity of the circumferential broad groove 16, of the transverse groove 
1 8 is zigzag. The shape of a left side in the vicinity of the shoulder, of the transverse groove 18 is substantially straight. 

5 [0059] The transverse grooves 19 are disposed in a manner such that each transverse groove 19 is inclined in the 
same direction as that of the transverse groove 18. The angle between each transverse groove 19 and the circumfer- 
ential direction of the tire is set at a smaller value than the angle between the transverse groove 18 and the tire circum- 
ferential direction. The end portions of each transverse groove 19 is substantially straight. The edges in between the 
end portions of each transverse groove 19 have a zigzag shape. 

w [0060] The transverse grooves 20 are disposed in a manner such that each transverse groove 20 is inclined in the 
same direction as that of the transverse groove 19. The angle between each transverse groove 20 and the circumfer- 
ential direction of the tire is set at a smaller value than the angle between the transverse groove 19 and the tire circum- 
ferential direction. The shape of each transverse groove 20 is substantially straight. 

[0061] The transverse grooves 21 are inclined in a direction transverse to the inclination directions of the transverse 
is grooves 18, 19 and 20. The shape of the transverse groove 21 is substantially straight. 

[0062] As shown in Figure 2, each of a plurality of first blocks 22 are arranged along the equatorial plane of the tire. 
The first block 22 are defined by the circumferential broad grooves 14 and the transverse grooves 21. Each first block 
22 has sipes 24A extending from the block left end portion toward the equatorial plane of the tire CL and inclined at a 
predetermined angle upwardly from left to right. Sipes 24B also extend from the same end portion toward the equatorial 
?o plane of the tire CL, but are inclined at a predetermined angle downwardly from left to right. Sipes 24C also extend from 
the block right end portion toward the equatorial plane of the tire CL, and are inclined at a predetermined angle down- 
wardly from left to right. Sipes 24D extend from the block right end portion toward the equatorial plane of the tire CL and 
are inclined at a predetermined angle upwardly from left to right. Sipe 24E is inclined at a predetermined angle in the 
central area of the block 22 upwardly from left to right. Short sipes 24F are placed at opposite tire circumferential direc- 
ts tion sides of the sipes 24E and inclined at a predetermined angle downwardly from left to right. 

[0063] The sipes 24A and the sipes 24C are disposed alternately with one another. The sipes 24B and the sipes 
24D are also disposed alternately. The sipe 24E is disposed between the sipes 24A and the sipes 24D. 
[0064] The sipes 24A and the sipes 24C are disposed in a manner such that these sipes intersect the equatorial 
plane of the tire CL, but do not intersect nor connect to each other. The sipes 24B and the sipes 24D are disposed in a 
30 similar manner. In the present embodiment, the distance between block central side end portions of the sipes 24A and 
24C in the axial direction of the tire and that of sipes 24C and 24D in the axial direction of the tire are each nominally 
4.5 mm. 

[0065] The middle portions of the sipes 24A, 24B, 24C and 24D in the present embodiment, are zigzag. The end 
portions of most of the sipes 24A, 24B. 24C and 24D. which end portions are in the vicinity of the end portions of the 
35 block or which end portions are in the vicinity of the central area of the block, are substantially straight. 

[0066] The sipes 24E, 24A.and 24D each intersect the equatorial plane of the tire CL and do not connect to the 
sipes 24A and 24D. 

[0067] The angle (the acute angle) between each of the sipes 24A and the circumferential direction of the tire is 
nominally 70°. The angle (the acute angle) between each of the sipes 24B and the circumferential direction of the tire 
40 is nominally 70°. The angle (the acute angle) between each of the sipes 24C and the circumferential direction of the tire 
is nominally 70°. The angle (the acute angle) between each of the sipes 24D and the circumferential direction of the tire 
is nominally 70°. The angle (the acute angle) between the sipe 24E and the circumferential direction of the tire is nom- 
inally 70°. The angle (the acute angle) between each of the sipes 24F and the circumferential direction of the tire is 
nominally 70°. 

45 [0068] Each of second blocks 26 are defined by the circumferential broad grooves 14, the circumferential narrow 
grooves 15 and the transverse grooves 20. Each second block 26 has sipes 28A extending from the end portion of the 
block in the vicinity of the circumferential broad groove 14, toward the block central area and inclined in a direction trans- 
verse to the direction of inclination of the transverse groove 20 and inclined with respect to the axial direction of the tire 
at a predetermined angle. Sipes 28B extend from the other end portion of the block, (the end portion in the vicinity of 

so the circumferential narrow groove 15), toward the block central area and inclined in substantially the same direction as 
the direction of inclination of the transverse groove 20 and inclined with respect to the axial direction of the tire at a pre- 
determined angle. . 
[0069] The sipes 28 A and the sipes 28B are alternately disposed and intersect an imaginary common line extend-' 
ing along the circumferential direction of the tire and do not connect to each other in the central area of the block. In the 

55 present embodiment, the distance between the block central side end portions of the sipe 28A and the sipe 28B in the 
axial direction is nominally 4.5mm. 

[0070] The middle portion of the sipes 28A and 28B in the present embodiment are zigzag. The end portions of 
most of the sipes 28A and 28B in the vicinity of the end portions of the blocks or in the vicinity of the block central portion 
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are substantially straight. 

[0071] The angle (the acute angle) between each of the sipes 28A and the circumferential direction of th tire is 
nominally 78°. The angle (the acute angle) between each of the sipes 28B and the circumferential direction of the tire 
is nominally 57°. 

[0072] Each of third blocks 30 are defined by the circumferential, narrow grooves 15, the circumferential broad 
grooves 16 and the transverse grooves 19. Each third block 30 has sipes 32A extending from the end portion of the 
block, which end portion is in the vicinity of the circumferential narrow groove 15, toward the central area of the block. 
The sipes 32A incline in a direction transverse to the direction of inclination of the transverse groove 19 and incline with 
respect to the axial direction of the tire at a predetermined angle. Sipes 32B extend from the other end portion of the 
block, which end portion is in the vicinity of the circumferential broad groove 16, toward the central area of the block and 
are inclined in substantially the same direction as the direction of inclination of the transverse groove 1 9 and are inclined 
with respect to the axial direction of the tire at a predetermined angle. 

[0073] The sipes 32A and the sipes 32B are disposed alternately and intersect an imaginary common line extend- 
ing along the circumferential direction of the tire and do not connect to each other in the central area of the block. In the 
present embodiment, the distance between the end portions of the sipe 32A and the sipe 32B, which end portions are 
in the vicinity of the center of the block, is nominally 5mm. 

[0074] The middle portion of the sipes 32A and 32B in the present embodiment are zigzag. The end portions of 
most of the sipes 32A and 32B, which end portions are in the vicinity of the end portions of the blocks or in the vicinity 
of the inside of the block, are substantially straight. 

[0075] The angle (the acute angle) between each of the sipes 32A and the circumferential direction of the tire is 
nominally 74°. The angle (the acute angle) between each of the sipes 32B and the circumferential direction of the tire 
is nominally 77°. 

[0076] Each of the fourth blocks 34 which are defined by the circumferential broad grooves 16 and the transverse 
grooves 1 8 has sipes 36A extending from the end portion of the block, which end portion is in the vicinity of the circum- 
ferential broad groove 16, toward the central area of the block and inclined in a direction transverse to the direction of 
inclination of the transverse groove 1 8 and inclined with respect to the axial direction of the tire at a predetermined 
angle. Sipes 36B extend from the other end portion of tread toward the central area of the block and inclined in substan- 
tially the same direction as the direction of inclination of the transverse groove 18 and inclined with respect to the axial 
direction of the tire at a predetermined angle. r- 
[0077] The sipes 36A and the sipes 36B are disposed alternately and intersect an imaginary common line extend- 
ing along the circumferential direction of the tire and do not connect to each other in the central area of the block. In the 
present embodiment, the distance between the end portions of the sipe 36A and the sipe 36B, which end portions are 
in the vicinity of the center of the block, is nominally 5 mm. s 
[0078] The middle portions of the sipes 36A and 36B in the present embodiment are zigzag. The end portions of 
most of the sipes 36A and 36B, which are in the vicinity of the end portions of the block or in the vicinity of the central 
area of the block, are substantially straight. 

[0079] The angle (the acute angle) between each of the sipes 36A and the circumferential direction of the tire is 70°. 
The angle (the acute angle) between each of the sipes 36B and the circumferential direction of the tire is 80°. 
[0080] The negative ratio of the tread 1 2 of the present embodiment is set to 35%. In the present embodiment, the 
average width of the circumferential broad groove 14 is 8 mm, the average width of the circumferential narrow groove 
15 is 2 mm. the average width of the circumferential broad groove 16 is 6 mm, the average width of the transverse 
groove 21 is 4 mm, the average width of the transverse groove 20 is 6.5 mm, the average width of the transverse groove 
1 9 is 8 mm and the average width of the transverse groove 1 8 is 9 mm. The average widths of the sipes 24A, 24B, 24C, 
24D, 24E t 24R 28A, 28B, 32A. 32B. 36A and 36B are all 0.5 mm. 

[0081 ] The effect of the pneumatic tire 1 0 of the present embodiment is described following paragraphs. 

(1 ) In the pneumatic tire 1 0 of the present embodiment, a pair of circumferential grooves 1 4, a pair of circumferential 
narrow grooves 15 and a pair of circumferential broad grooves 16 are disposed in the tread 12. Therefore, good 
straight line stability and cornering is obtained when driving on snow. 

(2) Pluralities of transverse grooves 18. transverse grooves 19, transverse grooves 20 and transverse grooves 21 
are disposed in the tread 12. Therefore, a good traction and braking can be obtained for driving on snow. 

(3) Each of the sipes 24A, 24B. 24C, 24D. 24E. 28A. 28B, 32A t 32B, 36A and 36B opens when the sipe contacts 
the surface of snow and snow penetrates into the open sipe. Therefore, properties can be improved for driving on 
snowy roads. 

(4) The transverse grooves 18. the transverse grooves 19, the transverse grooves 20 and the transverse grooves 
21 are inclined with respect to the axial direction of the tire. Therefore, good cornering properties can be obtained 
in driving on icy or snowy roads. 

(5) In the first blocks 22. the sipes 24A and the sipes 24C are inclined in directions opposite to each other. The 
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sipes 24B and the sipes 24D are inclined in opposite directions. In the second blocks 26, the sipes 28A and the 
sipes 28B are inclined in opposite directions. In the third blocks 30, the sipes 32A and the sipes 32B are inclined in 
opposite directions. In the fourth blocks 34, the sipes 36A and the sipes 36B are inclined in opposite directions. 
Therefore, even when force is applied to the tire in the direction parallel with the sipes extending from one end por- 
tion of the block, i.e., in a direction in which an edge effect by these sipes cannot be obtained, edge effect can be 
obtained by the sipes extending from the other end portion of the block. The edge effect can be obtained against 
force applied to the tire in any direction. Thus, cornering properties on ice in which the sipes are particularly effec- 
tive can be improved. 

In blocks disposed in the central portions of the tire 12, which are the first blocks 22 and the second blocks 26 
adjacent to the first blocks in the present embodiment, the effect of the sipe edges in the circumferential direction 
of the tire decreases and the traction and braking properties deteriorate when the angle between the sipe and the 
circumferential direction is smaller than 45°. When the above angle exceeds 85°, the angle between a sipe extend- 
ing from one end portion of the block and a sipe extending from the other end portion of the block nears 180° and 
the effect of improved cornering performance on ice decreases. 

(6) In the central portions of each of the first blocks 22. the second blocks 26, the third blocks 30 and the fourth 
blocks 34, the sipes extending from one end portion of the block and sipes extending from the other end portion of 
the block intersect the imaginary common line extending along the circumferential direction of the tire. Therefore, 
the number of sipe edge components in the central area of the blocks is greater than that in the peripheral areas of 
the block. Since the density of sipes is high in the central area of the blocks where the film of water tends to be 
formed in driving on icy roads, the water film absorption is enhanced and braking and traction properties are 
improved for driving on icy roads. 

(7) The density of sipes in the peripheral areas of the blocks (in the end portions of the blocks) is low although the 
density of the sipes in the central area of the blocks is high. Therefore, rigidity of the central area of the blocks can 
be decreased while rigidity in the peripheral portions of the blocks is sufficient. Thus, a sufficient area of the block 
contacting the road surface can be obtained while collapsing of the blocks is suppressed when force is applied to 
the tire. Hence, controllability on dry or wet roads can be further improved. 

(8) Due to the shape of the sipes 24A, 24B. 24C, 24D. 28A. 28B, 32A, 32B, 36A and 36B having a plurality of bend- 
ing (i.e., formed in a zigzag pattern or a waved pattern in the central area of the blocks), the effective length of the 
sipes can be increased and water film on ice can be more effectively absorbed. Since the number of edge compo- 
nents which are effective in force along the circumferential or transverse direction of the tire can be increased, and 
in particular, cornering performance on ice can be improved. 

Due to the shapes of the end portions of the sipes 24A. 24B, 24C, 24D. 28A, 28B, 32A, 32B, 36A and 36B, 
which end portions are in the peripheral areas of the blocks, which shapes are substantially straight, the angle 
between each of the end portions of the sipes and the end portion of the block in each block can be made substan- 
tially the same and uneven wear of the blocks can be suppressed. 

Due to the shape of the end portions of the sipes 24A, 24B, 24C, 24D, 28A, 28B, 32A. 32B, 36A and 36B, in 
the central area of the blocks, which shapes are substantially straight, the sipes more easily open in comparison 
with sipes whose entire shapes are zigzag or wavy. This permits snow to easier penetrate into the sipes. Thus, the 
properties on snow can be improved in comparison with sipes having substantially an entire shape that is zigzag 
or wavy. 

(9) By setting the angle between each of the sipes and the circumferential direction of the tire in the blocks which 
are located in the side areas of the tread at a value greater than the angle between each of the sipes and the cir- 
cumferential direction of the tire in the blocks which are located in the central area of the tread (i.e., by disposing 
the sipes 36B in the fourth blocks 34 which are located in the vicinity of the shoulder in a direction closer to the axial 
direction of the tire), uneven wear can be suppressed, which tends to take place in portions around the shoulder. 

(10) By arranging all sipes extending from the same end portion of the block in a manner such that the sipes are 
inclined in the same direction and the distances between adjacent sipes in the circumferential direction of the tire 
are the same, as shown in the second blocks 26, the third blocks 30 and the fourth blocks 34 change in rigidity 
depending on the direction of the applied force, can be prevented and uneven wear suppressed. By forming this 
structure in blocks arranged along the circumferential direction of the tire, blocks arranged along the circumferential 
direction of the tire tend to wear more uniformly. 

In the first blocks 22, rigidity can be improved by suitably arranging the sipes 24A, 24B. 24C, 24D, 24E and 24 r. 

(11) Because the block pattern which is formed by the first blocks 22, the two second blocks 26, the two third blocks 
30, and the two fourth blocks 34 along the axial direction of the tire is repeated around the circumferential direction 
of the tire, no matter which portion of the tire makes contact with the road, substantially the same edge effect can 
be obtained. 

[0082] The dimensions and the angles are not limited to those described above and can be changed suitably as 
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long as the effect of the present preferred embodiment is not adversely affected. 

[0083] An enlarged view of one of tread blocks of a second preferred embodiment of a pneumatic tire in accordance 
with the present invention is shown in Figure 4. In Figure 4, the shapes of sipes 202 and 203 are substantially straight. 
When the shapes of sipes are zigzag or wavy, the straight line shown in Fig. 4 can be regarded as the central line of 

5 such sipes. In the preferred embodiment shown in Figure 4, the sipes 202 and 203 are disposed in blocks 201. The 
sipes 202 and 203 are inclined in directions transverse or opposite to each other and the end portions thereof which are 
located in the central area of the block intersect a central tine of the block, which central tine extends along the circum- 
ferential direction of the tire. The angle a, between the extended line of each of the sipes 202 and each of the sipes 203 
is 1 0 to 90° and preferably 1 5 to 30°. When the angle a, is smaller than 1 0°, the effect of the sipes for force applied from 

w the axial direction of the tire is insufficient. When the angle exceeds 90°, the effect of the sipes for force applied from 
the circumferential direction of the tire is also insufficient. The angle (the acute angle) 0, between each of the sipes 202 
and the circumferential direction of the tire and the angle 9 2 between the sipes 203 and the circumferential direction of 
the tire are each set in a range of 45 to 85°. When any of these angles is smaller than 45°, the effect o&the sipes for 
force applied in the circumferential direction of the tire is insufficient. When any of these angles exceeds 85°, the effect 

is of the sipes for force applied in the axial direction of the tire is insufficient. 

[0084] The distance d n between the sipes which extend from the same end portion and are adjacent to each other 
is 2 to 5 mm. When this distance dj is smaller than 2 mm, risk of defects during tire manufacturing tends to be unsatis- 
factory. When this distance d-, exceeds 5 mm t the density of the sipes is low and the sipe effect is insufficient. 
[0085] Therein, co c is defined as a total length, in the circumferential direction of the tire, of respective portions of 

zp the sipes 202 and 203, which portions are located within a central area C disposed along a center line of the block 
extending along the circumferential direction and whose width is a third of the block width, i.e., (I 5 +I 7 ), 5 C is defined as 
a total length, in the axial direction of the tire, of those, i.e., O1+I3). (o e is defined as the longer of a length, in the circum- 
ferential direction of the tire, of a portion of the sipe 202, which portion is located in an end area E adjacent to the central 
area C and whose width is a third of the block width, and a length, in the circumferential direction of the tire, of a portion 

25 of the sipe 203, which portion is located in the other end area E adjacent to the central area C and whose width" is a 
third of the block width, i.e., the greater one between l 6 and 1 Q 5 e is defined as the longer of a length, in the axial direction 
of the tire, of the portion of the sipe 202, which potion is located in the end area E. and a length, in the axial direction of 
the tire, of the portion of the sipe 203, which portion is located in the other end area E, i.e., the greater one between l 2 
and l 4 . It is preferable that w c . co e , 5 C , and o e have relations: a) c >co e and 5 c >5 e 

30 [0086] A preferable example of the tread pattern of the second preferred embodiment of the pneumatic tire is 
shown in Figure 5. In the tread block 201 shown in Figure 5, sipes 202 and 203 satisfying the above conditions are dis- 
posed. Since the shapes of the sipes 202 and 203 are wavy, improred edge effects can be obtained. The sipe may be 
formed in a straight line in the depth direction of the blocks, as shown in Figure 27, or may be inclined with respect to 
the radial direction of the tire, or bend or curve, as shown in Figure 28. Each block 201 has four or more sipes which 

35 bend or curve in the depth direction of the blocks. The depth of both end portions of the sipes 202 and 203 are shallower 
than the depth of the central portions of the sipes 202 and 203 (not shown in Figure 5). When the tread having such a 
construction is made of an expanded rubber, the properties when driving on snowy or icy roads can be further 
improved. 

[0087] In expanded rubber, it is preferable that the average diameter of closed cells is 20 to 60 pirn and the degree 
40 of expansion is 3 to 50%. When the average diameter of closed cells is smaller than 20 |nm, water removal effect is not 
sufficient. When the average diameter of closed cells exceeds 60 u,m, abrasion resistance deteriorates. Similarly, when 
the degree of expansion is smaller than 3%, the improvement in the properties when driving on icy roads is insufficient. 
When the degree of expansion exceeds 50%, abrasion resistance deteriorates. The degree of expansion V s is obtained 
by measuring the density (g/cm 3 ) of a sample of a foamed block and the density p 0 (g/cm 3 ) of the rubber before being 
45 foamed (the solid rubber phase), followed by calculation in accordance with the equation: 

V s = (p 0 / Pl - 1)x 100% 

[0088] Examples of the foaming agent used for preparation of the expanded rubber include ammonium hydrogen- 
so carbonate and sodium hydrogencarbonate which generate carbon dioxide and nitrososulfonylazo compounds which 
generate nitrogen such as dinitrosopentamethylene-tetramine (DTP). N.N'-dimethyl-N.N'-dinitrosophthalamide. azodi- 
carbonamide (ADCA). N.N'-dinitrosopentamethylenetetramine, benzenesulfonylhydrazide, toluenesulfonylhydrazide, 
p.p'-oxy-bis(benzenesulfonylhydrazide) (OBSH), p-toiuenesuifonylsemicarbazide and p-p'-oxy-bis-(behzenesutfo- 
nylsemicarbazide). The foaming agent can be suitably selected in accordance with the vulcanization temperature. An 
5 5 auxiliary foaming agent such as urea may be used. Among these agents, a combination of ADCA. OBSH or DBP with 
urea is preferable. 

[0089] As the rubber component as the matrix rubber of the expanded rubber, natural rubber (NR), polystyrene- 
butadiene rubber (SBR). polybutadiene rubber (BR), polyisoprene rubber (IR) and a blend of these rubbers with other 
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rubbers can be used. The rubber component should not be particularly limited th reto. 

[0090] In the expanded rubber used in the present invention, fillers such as carbon black, antioxidants, waxes, vul- 
canization accelerators, vulcanteing agents, silane coupling agents, dispersants, stearic acid, zinc oxide and softeners 
such as aromatic oils, naphthenic oils, paraffinic oils and ester plasticizers and liquid polymers such as liquid polyiso- 

5 prene rubber and liquid polybutadiene rubber may be suitably used in addition to the above compounding ingredients. 
[0091] An enlarged view of one of tread blocks of a third preferred embodiment of a pneumatic tire in accordance 
with the present invention is shown in Figure 6. In the preferable example shown in Figure 6, sipes 302 and 303 are 
formed in the block 301. The sipes 302 are substantially parallel with each other, while the sipes 303 substantially par- 
allel one another. The sipes 302 and the sipes 303 are inclined in transverse of opposite directions to each other. The 

10 end portions thereof which are located in the block central area intersect a central line of the block extending along the 
circumferential direction of the tire. The sipes 302 and the sipes 303 are disposed afternately and form pairs of a sipe 
302 and a sipe 303. The angle ct 2 between the extended line of the sipe 302 and the sipe 303 is preferably 15 to 90°. 
When this angle is smaller than 15°, block collapse (falling down) between the sipes increases when driving. When the 
angle exceeds 90°, uneven wear such as heal-and-toe wear tends to take place depending on the condition of use. The 

75 distance d 2 between the sipes which extend from the same end portion of the block and are adjacent to each other is 
preferabjy_2_.5 to J_0„ mm. in. the present embodiment. When the distan ce is s^aJterjhanJ2.5 mm, rigidity of the block 
decreasesand controllability on dry road surfaces deteriorates. When the distance exceeds 1 0 mmrbraRihg' properties 
on ice deteriorate and the tire cannot satisfactorily as function a studless tire. 

[0092] By forming the above sipes 302 and 303 in the block 301 , the effect of the sipes is present for force applied 
20 in multiple directions. Moreover, a higher density of the sipes can be achieved in the central area of the block. However, 
rigidity of the block 301 against force applied from the forward direction is different from that against force applied from 
the backward direction when the tire whose block pattern is comprised of the block 301 alone. Specifically, in the block 
shown in Figure 6, the sipes are closed by deformation of the block when force is applied from the upper position in the 
figure as shown by the arrow A. The sipes are open when force is applied from the lower position in the figure as shown 
25 by the arrow B. As a result, rigidity of the block decreases either in braking or in traction and sufficient resistance to une- 
ven abrasion cannot be obtained. 

[0093] In Figure 7, the vectors of the forces generated in the area contacting the road surface in braking and in trac- 
tion are schematically shown. Although the strength of the force varies depending on the shapes of the tread and the 
tire carcass, schematically, the applied force is mainly supported by the central area in traction, as shown in Fig. 7A, 
30 and by the shoulder areas in braking, as shown in Figure 7B. In other words, in traction, the force applied to the central 
area of .the area contacting the road surface is stronger than the force applied to the snoulder portion. In braking, the 
force applied to the shoulder areas of the area contacting the road surface is stronger than the force applied to the cen- 
tral portion. 

[0094] Therefore, in the third preferred embodiment of a pneumatic tire in accordance with the present invention, 

35 the tread is divided into the central area disposed along the central line of the tread in the circumferential direction of 
the tire and occupies 30 to 70% of the entire width of the area contacting the road surface and two shoulder areas (side 
areas) at both sides of the central area. The direction of the apex of chevrons (304 in Figure 6) formed by one of the 
sipes 302 and 303 and an extended line of the other in the blocks located in the central area of the tread and that in the 
blocks located in the side area of the tread are opposite to each other with respect to the circumferential direction of the 

40 tire. Thus, the arrangement of the sipes is optimized for both braking and traction. 

[0095] Preferred examples of the tread pattern of the pneumatic tire of the present embodiment are shown in Fig- 
ures 8 and 9. The arrangement of sipes shown in Figure 8 is more effective for traction than in breaking. In contrast, the 
arrangement of sipes shown in Figure 9 is more effective for braking than for traction. Both Figures 8 and 9 show the 
surface of the tire contacting the road surface (the lower surface of the tire) when the tire is in use on a vehicle. 

45 [0096] When the pneumatic tire of the present embodiment is a studless tire, it is preferable that rubber for the tread 
is an expanded rubber having a degree of expansion of 10 to 50%. When the degree of expansion is smaller than 10%, 
the improvement in the properties on ice is insufficient. When the degree of expansion exceeds 50%, abrasion resist- 
ance deteriorates. It is preferable that the average diameter of closed cells is 20 to 60 urn. When the average diameter 
of closed cells is smaller than 20 u.m, the water removal effect is not sufficient. When the average diameter exceeds 60 

50 jim, abrasion resistance deteriorates. The degree of expansion can be obtained in accordance with the equation 
described previously. 

[0097] Examples of the foaming agent, the auxiliary foaming agent and the preferable combination of these agents 
used for preparation of the expanded rubber are the same as those described earlier. Examples of the rubber compo- 
nent used as the matrix rubber in the expanded rubber include the same rubbers as those described above. The addi- 
55 tives used in the expanded rubber in the present embodiment are also the same as those described above. 

[0098] In the present embodiment of the pneumatic tire, the structure and the materials of members other than the 
tread can be determined in accordance with conventional practice. 

[0099] Figures 1 0A 1 0B and 1 0C show enlarged plan views of a tread of a fourth preferred embodiment of a pneu- 
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matic tire in accordance with the present invention. To decrease the difference between rigidity of blocks in traction and 
in braking, and to achieve improved resistance to uneven wear, and stable controllability independent of the direction of 
applied force, each block is imagined as being divided into two equal portions located along the circumferential direction 
of the tire, with an apex of a chevron formed by one of two sipes forming a pair, and an extended line of the other sipe 

5 of the pair in the half portion of the block facing that in the other half portion. 

[0100] As shown in Figure 10A each block in the pattern, includes sipes 402, 403, 404 and 405. The sipes 402 are 
disposed in an upper left area of the block 401, extending from an edge 401 A extending along the circumferential direc- 
tion of the tire and inclined with respect to the axial direction of the tire at a predetermined angle. The sipes 403 are 
disposed in a lower left area of the block 401 , extend from the edge 401 A and are inclined with respect to the axial direc- 

10 tion of the tire at a predetermined angle. The sipes 404 are formed in an upper right area of the block 401 , extending 
from the opposite edge 401 B extending along the circumferential direction of the tire and inclined with respect to the 
axial direction of the tire at a predetermined angle. The sipes 405 are formed in a lower right area of the block 401 , 
extending from the edge 401 B and inclined with respect to the axial direction of the tire at a predetermined angle. The 
sipes 402 and 404 are inclined in directions opposite to each other. The sipe 402 and the sipe 404 are disposed alter- 

15 nat ly, form a pair and intersect a central line of the block extending along the circumferential direction of the tire and 
do not intersect each other. The sipes 403 and 405 are inclined in directions opposite to each other. The sipe 403 and 
the sipe 405 are disposed alternately, form a pair and intersect a central line of the block extending along the circum- 
ferential direction of the tire and do not intersect each other. The apex of a chevron formed by one of the sipes 402 and 
404 forming each pair and an extended line of the other sipe of the pair faces the apex of a chevron formed by one of 

2d the sipes 403 and 405 forming a pair and an extended line of the other sipe of the pair. 

[0101] In Figure 10A the sipe 402 and the sipe 405 disposed in the central area of the block are connected to each 
other. Each sipe 402 is disposed at a position lower than that of the sipe 404 forming a pair with this sipe 402. Each sipe 
403 is disposed at a position higher than that of the sipe 405 forming a pair with this sipe 403. 

[0102] Each block formed in the tread of the pneumatic tire of the fourth preferred embodiment may be a block 

25 shown in Figure 1 0B or a block shown in Figure 10C In Figure 10B, the sipes 402 and the sipes 405 disposed at the 
central area of the block are not connected to each other. Each sipe 402 is disposed at a position higher than that of 
the sipe 404 forming a pair with this sipe 402. In Figure IOC the relative positions of the sipes forming a pair are the 
same as those in Figure 10B. When each block is divided imaginarily into two portions by a central line passing through 
the center of the block in the circumferential direction of the tire and parallel with the axial direction of the tire, there are 

30 no sipes disposed over both portions. 

[0103] In the present embodiment, the preferable range of the angle ct 3 between the one of two sipes forming a pair 
and an extended line of the other sipe of the pair, the preferable range of the distance d 3 between sipes extending from 
the same area of each block, for example, sipes 405 extending from the lower right area and the reasons for the ranges 
are the same as those in the third preferred embodiment. 

35 [0104] When the pneumatic tire of the present embodiment is a studless tire t it is preferable that rubber for the tread 
is an expanded rubber similar to that of the pneumatic tire of the third preferred embodiment. The preferable degree of 
expansion and the preferable range of the average diameter of closed cells are also the same as those in the third pre- 
ferred embodiment. Further, examples of the foaming agent and the auxiliary foaming agent, the preferable combina- 
tions thereof, the examples of the rubber component used as the matrix and the examples of the additives used in the 

40 expanded rubber are the same as those in the third embodiment. 

[0105] In the pneumatic tire of the fourth preferred embodiment, the structure and the materials of members other 
than the tread can be determined in accordance with conventional practice. 

[0106] Figure 1 1 illustrates a fifth preferred embodiment in accordance with the present invention. To decrease the 
difference between rigidity of blocks in traction and in braking and to achieve improved resistance to uneven wear and 
45 stable controllability independent of the direction of the applied force, the angle between the radial direction of the tire 
and a side wall at the side of the apex of a chevron formed by one of two sipes forming each pair and an extended line 
of the other sipe of the pair, is made greater than the angle between the radial direction of the tire and a side wall at the 
side opposite to the apex of the chevron. 

[0107] As shown in Figure 1 1, in each block 501 of the pattern, sipes 502jand 503 are disposed. Each sipe 502 
so extends from one edge of the block 501 extending along the circumferential direction of the tire and is inclined to the 
axial direction of the tire at a predetermined angle. Each sipes 503 extends from the other edge of the block 501 extend- 
ing along the circumferential direction of the tire and is inclined with respect to the axial direction of the tire at a prede- 
termined angle. The sipes 502 and 503 are inclined in opposite directions. The sipe 502 and the sipe 503 are disposed 
alternately, form a pair and intersect a central line of the block extending along the circumferential direction of the tire 
55 without intersecting each other. 

[0108] When the sipes are formed as described above, as shown with the third preferred embodiment, rigidity of 
the block against force applied from the side of the apex of the chevron formed by one of the sipes 502 and 503 forming 
a pair and an extended line of the other sipe of the pair (shown by the arrow A) is greater than rigidity of the block to 
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force appli d from the opposite side (shown by the arrow B). 

[0109] As shown in Figure 12, when the angle [5 between the side wall at the side of the apex of the chevron and 
the radial direction of the tire is the same as the angle y between the side wall at the opposite side and the radial direc- 
tion of the tire, the above difference in rigidity of the block having the sipes described above remains unchanged. 
[0110] In contrast as shown in Figure 1 1 , when the angle |3 between the side wall 505 at the side of the apex of the 
chevron and the radial direction of the tire is greater than the angle y between the side wall 504 at the opposite side of 
the side wall 505 and the radial direction of the tire, the degree that rigidity of the block against force applied in the direc- 
tion shown by arrow A is reinforced by the side wall 504, is smaller than the degree that rigidity of the block against the 
force applied in the direction shown by arrow B is reinforced by the side wall 505. The difference in rigidity of the block 
between the forward direction and the backward direction, which arises from the sipes described above, can be can- 
celled by this effect. It is preferable that the difference between the angle p and the angle y is 3° or less. 
[0111] Preferable examples for tread patterns for the present embodiment are shown in Figures 13 to 15. 
[0112] In the present embodiment, the preferable ranges of the angle a 4 between one of two sipes forming each 
pair and an extended line of the other sipe of the pair (Figure 11), the preferable ranges of the distance d 4 between 
sipes extending from the same end portion of the block and the reasons for the ranges are the same as those in the 
third preferred embodiment 

[01 1 3] When the pneumatic tire of the present embodiment is a studless tire, it is preferable that rubber for the tread 
is an expanded rubber similarly to that of the pneumatic tire of the third preferred embodiment and the preferable 
degree of expansion and the preferable range of the average diameter of closed cells are the same as those in the third 
preferred embodiment. Examples of the foaming agent and the auxiliary foaming agent, the preferable combinations 
thereof, the examples of the rubber component used as the matrix and the examples of the additives used in the 
expanded rubber are the same as those in the third embodiment. 

[0114] In the pneumatic tire of the fifth preferred embodiment, the structure and the materials of members other 
than the tread can be determined in accordance with conventional practice. 

[0115] The tread for a sixth preferred embodiment of a pneumatic tire in accordance with the present invention, has 
pairs of blocks. As shown in Figure 16A, each pair of blocks has the first block 601 and the second block 602 disposed 
along the axial direction of the tire. Both tire circumferential direction end portions 601 A and 601 B of the first block 601 
are inclined with respect to the axial direction of the tire at a predetermined angle. Both tire circumferential direction end 
portions 602A and 602B of the second block 602 are also inclined with respect to the axial direction of the tire at a pre- 
determined angle. The end portions 601 A and 601 B of the first block 601 and the end portions 602A and 602B of the 
second block 602 are inclined in opposite directions. What is meant by "end portions are inclined in opposite directions" 
is the same as what is meant by "sipes are inclined in opposite directions" as shown in the figures, specifically one item 
is inclined upward from left to right, and the corresponding item is inclined downward from left to right. 
[0116] In the first block 601 , the edge 603 of the end portion 601C which is farthest from the second block 602 is 
substantially parallel to the circumferential direction of the tire. In the second block 602, the edge 604 of the end portion 
602C which is farthest from the first block is substantially parallel to the circumferential direction of the tire. In the side 
wall 605 including the edge 603 in the first block 601 , the portion 605A which is a lower portion of the side wall 605 at 
the side of the end portion 601 A is disposed further away from the second block 602 than the edge 603 and lower por- 
tions are gradually inclined toward the second block 602 along the circumferential direction of the tire from the portion 
605A to the portion opposite to the portion 605A. Similarly, in the side wall 606 including the edge 604 in the second 
block 602. the portion 606A which is a lower portion of the side wall 606 at the side of the end portion 602A is disposed 
further away from the first block 601 than the edge portion 604 (Figure 16C) and lower portions of the side wall 606 are 
gradually inclined toward the first block 601 along the circumferential direction of the tire from the portion 606A to the 
portion opposite to the portion 606A (Figure 1 6B). 

[0117] The angle X between the side wall 606 of the second block 602 (or the side wall 605 of the first block 601) 
or the extended line thereof and the radial direction of the tire is preferably +5 to +15° at the portion 602A (or the side 
portion 601 A) and preferably -5 to +2° at the end portion 602B (or the end portion 601 B). 

[0118] In the first block 601 , sipes 607 are substantially parallel to the end portion 601 A. In the second block 602. 
sipes 608 are substantially parallel to the end portion 602A. The distance d 5 between the first block 601 and the second 
block 602 is preferably 0.3 to 1 mm. 

[0119] When the side walls extend in the circumferential direction of the tire of a block in which the above sipe (612 
in the figures) are disposed do not have the above structure as shown in Figures 25A and 25B, the block falls down or 
collapses by application of force in the direction shown by the arrow A as shown in Figure 25C. 

[0120] In contrast, in the pneumatic tire of the six preferred embodiment, when force from the direction shown by 
the arrow B is applied to the first block 601 and the second block 602 from the side of the side portions 601 B and 602B, 
respectively, as shown in Figure 17A, portions of the above side walls to which the force is applied are deformed in a 
manner shown in Figure 1 78. This is because, in each block, the lower portion of the side wall to which the force is 
applied is located more inwardly than the lower portion of the side wall, which lower portion is opposite to the side where 
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the force is applied. The total width of the pair of blocks in the axial direction of the tire increases by AW from the width 
W in the axial direction of the tire before deformation due to deformation. Based on this phenomenon, the force appli d 
to the tire in traction or breaking is received suitably and properties on ice and on snow are improved. 
[0121] On the other hand, when force from the direction shown by arrow A is applied to the first block 601 and the 

5 second block 602 from the side of the side portions 601 A and 602A, respectively, as shown in Figure 18A, portions of 
the above side walls to which the force is applied are deformed less readily. This is because, in each block, the lower 
portion of the side wall to which the force is applied is located more outwardly than the lower potion of the side walls, 
which lower portion is opposite to the side where the force is applied (Figures 1 SB and 1 8C). Rigidity of the side wall at 
the side where the force is applied is thus greater than rigidity of the side wall at the opposite side. 

io [0122] As shown in Figure 1 9, when force is applied from the axial direction of the tire, blocks forming the pair sup- 
port each other and deformation of the block is suppressed. 

[0123] In the sixth preferred embodiment, the distance between the sipes is preferably 2 to 5 mm. 

[0124] Examples of for tread pattern of the pneumatic tire of the sixth preferred embodiment having the above 

blocks are shown in Figures 20 to 23. 

15 [01 25] When the pneumatic tire of the present embodiment is a studless tire, it is preferable that rubber for the tread 
is an expanded rubber similar to those of the pneumatic tire of the third preferred embodiment and the preferable 
degree of expansion and the preferable range of the average diameter of closed cells are the same as those in the third 
preferred embodiment Examples of the foaming agent and the auxiliary foaming agent, the preferable combinations 
thereof, the examples of the rubber component used as the matrix and the examples of the additives used in the 

20 expanded rubber are the same as those in the third preferred embodiment. 

• [0126] In the pneumatic tire of the sixth preferred embodiment, the structure and the materials of members other 
than the tread can be determined in accordance with conventional practice. 

EXAMPLES 

25 

Example 1 and Comparative Example 1 

[0127] To confirm the effects of the present invention, a tire in accordance with the present invention was prepared 
(Example 1) and compared with a conventional tire (Comparative Example 1). The comparison was made with respect 
30 to an overall evaluation while driving on snow, the braking property on snow, the traction property on ice, the overall 
evaluation while driving on ice and the braking property on ice. 

Tire of Example 1 : A tire having a block pattern described in the first preferred embodiment (tire size: 205/65R15) 
(refer to Figure 1). 

35 Tire of Comparative Example 1 : A tire of the same size having the same block pattern as that of the tire of Example 

1 except that, in each block having sipes, sipes 100 were substantially parallel with both tire circumferential direc- 
tion end portions of the block as shown in Figure 3. 

Overall evaluation while driving on snow: The overall evaluation while driving on snow took into consideration, the 
braking property, property during the start of driving, straight-line stability, and cornering while driving on a test 
4 o course road covered with packed snow. The result was expressed as an index using the result of the tire of Com- 

parative Example 1 as the control which was set at 100. The greater the number, the better the overall evaluation 
on snow. 

Braking property on snow: While a vehicle using test tires was driven on a road covered with packed snow at a 
speed of 40 km/hour, the brake was fully applied. The stopping distance was measured and the inverse of the dis- 
4 5 tance calculated or computed. The result of the evaluation was expressed as an index using the inverse of the stop- 

ping distance for the tire of Comparative Example 1 as the control which was set at 100. The greater the number, 
the better the braking property on snow. 

Traction property on ice: A stalled vehicle using test tires was driven on ice. The time required for driving 20 m was 
measured and the inverse of the time computed. The result of the evaluation was expressed as an index using the 
so inverse of the time obtained for the tire of Comparative Example 1 as the control which was set at 1 00. The greater 

the number, the better the traction property on ice. 

Overall evaluation while driving on ice: The overall evaluation while driving on ice took into consideration, the brak- 
ing property, property during the start of driving, straight-line stability, and cornering while driving on a test course 
road covered with packed ice. The result was expressed as an index using the result for tire of Comparative Exam- 
55 pie 1 as the control which was set at 100. The greater the number, the better overall evaluation on ice. 

Breaking property on ice: While a vehicle using test tires was driven on a road covered with ice at a speed of 20 
km/hour, the brake was fully applied. The stopping distance was measured and the inverse of the distance com- 
puted. The result of the evaluation was expressed as an index using the inverse of the stopping distance for the tire 
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of Comparative Exampl 1 as the control which was set at 1 00. The greater th numb r ( the better the braking prop- 
erty on ice. 

[0128] The results are shown in Table 1 . 



Table 1 
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Comparative Example 1 


Example 1 


Overall evaluation while driving on snow 


100 


115 


-Braking property on snow 


100 


115 


Overall evaluation while driving on ice 


100 


125 


Braking property on ice 


100 


120 


Traction property on ice 


100 


120 



20 



25 



30 



35 



40 



50 



[0129] As shown by the resufts of the test, the tire of Example 1 prepared in accordance with the present invention 
exhibited improvements in all categories for the overall evaluation while driving on snow, the braking property on snow, 
the traction property on ice, the overall evaluation while driving on ice and the braking property on ice in comparison 
with the tire of Comparative Example 1. 

Examples 2 and 3 and Comparative Examples 2 and 3 

[0130] Pneumatic tires having a size of 205/65R15 were prepared in accordance for the conditions shown in Table 
2. The prepared tires were attached to rims having a size of 6.5Jx15 and inflated to an inner pressure of 210 kPa for 
the front tires and 230 kPa for the rear tires. The tires mounted on a vehicle, subjected to the road test and evaluated 
with respect to the properties on snow such as the acceleration and cornering properties, properties on ice, properties 
on dry road surfaces such as the braking and controllability and properties on wet road surfaces such as the braking 
and controllability. The tire used in Example 3 had sipes whose shapes are wavy as shown in Figure 5, and the depth 
of which* both end portions are shallower than central portions thereof. Moreover, the tire used in comparative Example 
3 had sipes shown in Fig. 26. The tire used in Comparative Example 2 had sipes which were inclined with respect to 
the circumferential direction of the tire and which were not parallel to the end portions of the block. The properties were 
evaluated in accordance with the following methods: 

(a) Properties on snow: A vehicle using test tires was driven on ordinary roads covered with snow and the proper- 
ties were evaluated based on the feel. The result of the evaluation was expressed by a number in a range from 0 
to 10, 10 showing the best result. 

(b) Properties on ice: While a vehicle using test tires was driven on a road covered with ice (the temperature of the 
road surface: 0°C) at a speed of 30 km/hour, the brake was fully applied. The distance before stopping in a locked 
condition was measured and the inverse of the distance calculated or computed. The result was expressed as an 
index using the result of the tire of Comparative Example 2 as the control which was set at 100. The greater the 
number, the better the property on ice. 

(c) Properties on dry road surfaces: A vehicle using test tires was driven on a road in dry conditions and the prop- 
erties on dry road surfaces was evaluated based on the feel. The result of the evaluation was expressed by a 
number in a range from 0 to 10, 10 showing the best result. 

(d) Properties on wet road surfaces: A vehicle using test tires was driven on a road in wet conditions and the prop- 
erties on wet road surfaces was evaluated based on the feel. The result of the evaluation was expressed by a 
number in a range from 0 to 10, 10 showing the best result. 

[0131] The results are shown in Table 2. 
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55 
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Table 2 





Comparative Example 2 
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Properties on ice (0°C) 
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Properties on wet road sur- 
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Examples 4 to 8 



35 



[0132] Pneumatic tires having a size of 225/50R1 6 and the tread pattern shown in Figure 8 were prepared for the 
conditions shown in Table 3. The prepared tires were attached to rims having a size of 7J and inflated at an inner pres- 
sure of 200 KPa. The tires were mounted on a vehicle, subjected to the road test and evaluated with respect to proper- 
ties on snow such as the acceleration and cornering properties, properties on ice, properties on dry road surfaces such 
as the braking and controllability and properties on wet road surfaces such as braking and controllability based on the 
feel. The methods of the evaluation were the same as those described above except that the result was expressed as 
an index using the result of the tire of Example 4 which was set at 1 00. The tire of Examples 4 to 8 had the tread having 
the block pattern shown in Figs. 29 to 33, respectively. The greater the number, the better the result. The results are 
shown in Table 3. 
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Table 3 
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Example 6 
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Example 8 
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25 


25 


40 
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distance d 2 (mm) 


4.5 


4.5 


2.5 
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10 


bending 


No 


No 


Yes 


Yes 


No 




inclination with respect to radial direction 


not inclined 


not inclined 


not inclined 


not inclined 


inclined 




of tire 














Degree of expansion (%) 


26 


26 


26 


26 
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Properties on snow 














acceleration 


100 


106 


107 


106 


107 




cornering 


100 


106 


107 


108 


107 


20 


Properties on ice (0°C) 


100 


101 


110 


98 


101 


Properties on dry road surface 


100 


103 


105 


104 


104 




Properties on wet road surface 


100 


101 


103 


103 


102 




Note: 












25 


"Bending" means that the sipes bend in the direction of the depth of the tire, as shown in Fig. 28. 





Examples 9 to 12 

30 [0133] Pneumatic tires having a size of 225/50R1 6 and the tread patterns shown in Figures 10A, 1 0B and 10Cwere 
prepared for the conditions shown in Table 4. The prepared tires were attached to rims having a size of 7J and inflated 
to an inner pressure of 200 kPa. The tires were attached to a vehicle, subjected to the road test and evaluated with 
respect to properties on snow such as the acceleration and cornering properties, properties on ice, properties on dry 
road surfaces such as braking and controllability and properties on wet road surfaces such as the braking and control- 

35 lability based on the feel. The methods of the evaluation were the same as those described above. The methods of the 
evaluation were the same as those described above except that the result was expressed as an index using the result 
of the tire of Example 9 which was set at 100. The tire of Examples 9 to 12 had the tread having the block pattern shown 
in Figs. 29 and .34 to 36, respectively. The greater the number, the better the result. The results are shown in Table 4. 
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Table 4 





Example 9 
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Example 1 1 
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Degree of expansion (%) 
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103 
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Example 13 to 17 

25 

[0134] Pneumatic tires having a size of 225/50 R1 6 and the tread patterns shown in Figures 1 3 to 15 were prepared 
for the conditions shown in Table 5. The prepared tires were attached to rims having a size of 7 J and inflated to an inner 
pressure of 200 kPa. The tires were mounted on a vehicle, subjected to the road test and evaluated with respect to 
properties on snow such as acceleration and cornering, properties on ice, properties on dry road surfaces such as brak- 
30 ing and controllability and properties on wet road surfaces such as braking and controllability based on the feel. The 
methods of the evaluation were the same as those described above. The methods of the evaluation were the same as 
those described above except that the result was expressed as an index using the result of the tire of Example 1 3 which 
was set at 100. The tire of Examples 13 to 17 had the tread having the block pattern shown in Figs. 37 to 41, respec- 
tively. 

35 
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Table 5 
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Properties on dry road surface 
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Properties on wet road surface 
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Example 18 and Comparative Example 4 

30 

[0135] * A pneumatic tire having a size of 225/50R16 and the tread pattern shown in Figure 21 was prepared for the 
conditions shown in Table 6. The prepared tire was attached to a rim having a size of 6.5JJ and inflated to an inner pres- 
sure of 1 90 kPa. The tire was mounted on a vehicle, subjected to the road test and evaluated with respect to properties 
on snow, properties on ice, traction properties on snow, braking properties on snow, properties on dry road surfaces 

35 and properties on wet road surfaces based on the feel. The methods of the evaluation of properties on snow, properties 
on ice, properties on dry road surfaces and properties on wet road surfaces were the same as those of the Example 2. 
However, properties for acceleration and cornering were evaluated comprehensively for properties on snow. The 
method of evaluation of braking properties on snow was the same as that in Example 1 . Except for travelling over 
packed snow, the method of evaluation of traction properties on snow was the same as the method of evaluation of trac- 

40 tion properties on ice in Example 1 . For comparison, a tire which had the same size as the above and the tread having 
a block pattern shown in Figure 24 was prepared and evaluated in accordance with the same methods (Comparative 
Example 4). The tire of Comparative Example 4 was designed so as to have the same negative ratio (the value obtained 
by dividing the area of grooves by the entire apparent area which can be brought into contact with the road surface) and 
the same length of projected edge as those of the tire of the Examples. The greater the number of an index, the better 

45 the result. The results are shown in Table 6. 
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Comparative Example 4 


Example 18 




0 


5 


x 2 n 


0 


10 


Distance d 5 (mm) 


0.4 


0.4 


Distance between sipes (mm) 


3 


3 


Properties on snow 


6 


7 


Properties on ice 


5 


5.5 




5 



10 




20 



25 



30 



35 



40 



45 



50 



EP 1 070 606 A2 



Table 6 (continu d) 





Comparative Example 4 


Example 18 


Traction properties on snow (index) 


100 


110 


Braking properties on snow (index) 


100 


103 


Properties on dry road surfaces 


5 


5 


Prop rties on wet road surfaces 


5 


5 


Notes: 






Xj r presents an angle between the radial direction of tire and the side wall 605 (or 606) at the intersection of the 
side wall-605 (or 606) and the end portion 601 B (or 602B) in Figure 16. X 2 represents an angle between the radial 
direction of the tire and the side wall 605 (or 606) at the intersection of the side wall 605 (or 606) and the endportion 
601 A in Figure 16. 



Claims 



20 



25 



2. 



A pneumatic tire comprising a tread having blocks defined by a plurality of intersecting grooves, wherein 

each of said blocks have at least one pair of sipes which are formed from a first sipe and a second sipe, 
said first sipe extends from one of two tire axial direction end portions of the block and is inclined with respect 
to a circumferential direction of the tire, 

said second sipe extends from the other tire axial direction end portion of the block and is inclined with respect 
to the circumferential direction of the tire, 

said first sipe and said second sipe are alternately disposed along the circumferential direction of the tire, 
an end portion of said first sipe in the vicinity of a center of the block, and an end portion of said second sipe 
in a vicinity of a center of the block, intersect an imaginary common line extending along the circumferential 
direction of the tire, and 

said first sipe and said second sipe are inclined in opposite directions. 

A pneumatic tire according to Claim 1, wherein each block has pairs of sipes formed of first and second sipes, the 
first sipes on each block are parallel with one another, and the second sipes on each block are parallel with one 
another. 



A pneumatic tire according to Claim 2, wherein the blocks are defined by grooves extending along a circumferential 
direction of the tire and grooves which intersect the grooves disposed in the circumferential direction of the tire, the 
first sipes of each block disposed linearly along the circumferential direction of the tire are inclined in the same 
direction and disposed at a predetermined interval, and the second sipes of each block disposed linearly along the 
circumferential direction of the tire are inclined in the same direction and disposed at a predetermined interval. 

A pneumatic tire according to Claim 3, wherein the grooves extending along the circumferential direction of the tire 
include first grooves and second grooves which are narrower than the first grooves, and said second grooves are 
disposed between the first grooves and have a width of 0.5 to 6 mm. 

A pneumatic tire according to any of Claims 2 to 4, wherein the first sipes and the second sipes do not intersect 
each other. 

A pneumatic tire according to any of Claims 2 to 5, wherein the first and second sipes formed in the blocks which 
are disposed in the central area of the tread are inclined with respect to the circumferential direction of the tire at 
an angle of 45 to 85°. 

A pneumatic tire according to any of Claims 2 to 5, wherein the first and second sipes formed in the blocks which 
are disposed in the central area of the tread are inclined with respect to the circumferential direction of the tire at 
an angle of 55 to 80°. 



8. A pneumatic tire according to Claim 6 or 7, wherein 
extended line of the other is 10 to 45°. 



an angle between one of first and second sipes and an 
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9. A pneumatic tire according to any of Claims 2 to 8. wherein a distance b tween th first sipes and a distance 
between the second sipes are each 2 to 5 mm. 

1 0. A pneumatic tire according to any of Claims 2 to 9. wherein a central area C and two end areas E are delimited bv 
defining each block as having three equal parts, where 

w c represents a total length, in the circumferential direction of the tire, of respective portions of one first sipe 
and one second sipe which portions are located within the central area C, 

5 C represents a total length, in the axial direction of the tire, of those, 

ofe represents the longer of a length, in the circumferential direction of the tire, of a portion of one first sipe 
which portion is located in an end area E. and a length, in the circumferential direction of the tire of a portion 
of one second sipe, which portion is located in an end area E, 

6 e represents the longer of a length, in the axial direction of the tire, of the portion of one first sipe. which portion 
is located in the end area E, and a length, in the axial direction of the tire, of the portion of one second sipe 
which portion is located in the end area E, and ' 

w c , w e . 5 C , and 5 e satisfy relations co c >w e and 8 c >5 e 



1 1 . A pneumatic tire according to any of Claims 2 to 1 0. wherein the depths of end portions of one of the first and sec- 
ond sipes are shallower than the depths of central portions. 

12. A pneumatic tire according to any of Claims 1 to 1 1 . wherein blocks disposed in side areas of the tread have sipes 
whose angle with respect to a circumferential direction of the tire is equal to or greater than an angle between each 
of the s.pes formed .n blocks disposed in the central area of the tread and the circumferential direction of the tire. 

13. A pneumatic tire according to any of Claims 1 to 1 2. wherein a distance between end portion of the first sipe which 
end portion is in the vicinity of the center of the block, and end portion of the second sipe. which end portion is in 
the- vicinity of the center of the block, in an axial direction of the tire is 2 to 15 mm. 

14. A pneumatic tire according to any of Claims 1 to 1 2, wherein a distance between end portion of the first sipe which 
end portion is m the vicinity of the center of the block, and end portion of the second sipe, which end portion is in 
the vicinity of the center of the block, in axial direction of the tire is 3 to 1 0 mm. 

15. A pneumatic tire according to any of Claims 1 to 14, wherein, when an area of the tread having 30 to 70% of ah 
entire width of an area contacting road surfaces at the center of the tread is referred to as a central area and 
remaining areas are referred to as side areas, a chevron formed by one of the first and second sipes forming a pair 
and an extended line of the other sipe of the pair in blocks in the central area and a chevron formed by one of the 
first and second sipes forming a pair and an extended line of the other sipe of the pair in blocks in the side areas 
are placed in direct.ons opposite to each other with respect to the circumferential direction of the tire 



16. 



A pneumatic t.re according to Claim 1 , wherein the blocks have pairs of sipes which are formed from first sipe and 
second sipe. and when each block is equally divided in first and second portions by a line extending along the tire 
axial direction, ap.ces of chevrons each formed by one of the first sipe and the second sipe forming a pair in the 
irst portion and an extended line of the other sipe of the pair face apices of chevrons each formed by one of the 
first sipe and the second sipe forming a pair in the second portion and an extended line of the other sipe of the pair. 

17. A pneumatic tire according to any of Claims 1 to 14. wherein in each block, an angle between the radial direction 
of the tire and a first wall of the block at a side of an apex of a chevron formed by one of the first and second sipes 
forming a pai r and an extended line of the other sipe of the pair is greater than an angle between the radial direction 
of the tire and a second side wall of the block at a side opposite to said first side wall. 

18. A pneumatic tire according to any of Claims 1 to 17, wherein central portions of the first and second sipes are 
formed in one of a zigzag and a wavy configuration, and end portions extend substantially straight. 

19. A pneumatic tire according to any of Claims 1 to 18. wherein the first and second sipes are one of curved and bent 
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in the direction of the depth of the block and inclined with respect to a radial direction of th tire. 
^^^^^ 

21. A pneumatic tire according to any of Cairns 1 to 20, wherein rubber used in the tread is an expanded rubber. 
g 22. A pneumatic tire according to Cairn . wherein a degree of expansion of the expanded rubber is 1 0 to 50* 

23 -^d^^ 

tions in a radia, direction of "e"" wherein ' *° thS Side Wa " S at inner 

* the tread has a block pattern having pairs of blocks 

1 P ;« fC^S^Sr 2 ",: a " , °"™<' "* «» *«««< « «r* and the « 

the ,.,e J, he ZZ a "S^ ^^Z e T b ,'°?" Pair a " d 8 " ' n9te " >rmsd b ' °< 
ono sioe .Aiaii at the tirel tire circumferential direction end of the block pair are .5 to »1 5' 

to + 2°. 6 Wa " 31 the S6C0nd tlre circumferential direction end of the block pair are -5 

27 ' To To mT tire aCM9 10 ° f C ' aimS 23 10 26 ' Wherein a distance b *ween formed in each block is 0.3 



•r' A in"7fflr^ - — r""""i "* " (if ' i*i j [i 1 1 1 -yn"ifT- - QlllHilT 1 
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FIG. 5 

20I 203 
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FIG.7B 
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CIRCUMFERENTIAL 
DIRECTION OF THE TIRE 



CIRCUMFERENTIAL 
DIRECTION OF THE TIRE 



FIG. IOC 




CIRCUMFERENTIAL 
DIRECTION OF THE TIRE 
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FIG. I2A 
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FIG. I2B 
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FIG. 13 
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FIG. 14 
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FIG. 15 
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FIG. I 7A 
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FIG.I8A 
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FIG . 19 
60! 602 




FIG.20 
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FIG . 19 
60 I 602 




FIG. 20 
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FIG.25A 
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FIG.25A 

6I I 




FIG.25B 



FIG.25C 
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FIG. 27 
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FIG. 27 
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FIG. 28 
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FIG. 35 




FIG. 36 
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FIG. 35 




FIG. 36 
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FIG. 39 




FIG. 40 
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FIG.4I 
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